Abstract: Asthma is one of the most common chronic pediatric diseases. Patients with asthma often present to the emergency department for treatment for acute exacerbations. These patients may not have a primary care physician or primary care home, and thus are seeking care in the emergency department. Asthma care in the emergency department is multifaceted to treat asthma patients appropriately and provide quality care. National and international guidelines exist to help drive clinical care. Electronic and paper-based tools exist for both physicians and patients to help improve emergency, home, and preventive care. Treatment of patients with asthma should include the acute exacerbation, long-term management of controller medications, and controlling triggers in the home environment. We will address the current state of asthma research in emergency medicine in the US, and discuss some of the resources being used to help provide a medical home and improve care for patients who suffer from acute asthma exacerbations. Keywords: asthma, pediatric, emergency department
Pediatric emergency medicine
Emergency departments (EDs) care for critically and acutely ill patients. Pediatric emergency medicine specializes in the care of infants, children, and teenagers. From 1996 to 2006, the number of ED visits increased by 3% per year. 1 During this period, the overall population-based ED-utilization rate increased by 18%. 1 Pediatric visits to EDs comprise approximately 25% of all emergency visits, 2 and range in acuity from life-threatening illnesses and injuries to urgent medical issues and injuries to minor acute or nonacute medical complaints. Nonemergent cases comprise 30% of pediatric emergency visits, and can be defined as "those in which immediate medical care would not be required within 12 hours" based on demographics, presenting complaints, symptoms, vital signs, and past medical history. 3 Patient caregivers' perspectives on reasons for nonemergent ED visits include lack of access to physicians during nonstandard working hours and lack of health insurance, while primary care physician and ED-personnel perspectives for those visits pointed to lack of knowledge of what a "true emergency" is. 4 
Asthma overview
Asthma is the most common chronic childhood disease, affecting 9 million children (12.5%) under 18 years of age in the US 5, 6 and placing a significant burden on the health care system. In the US, asthma is the third-leading cause of hospitalizations provided evidence that although the ED-visit rate for asthma increased from 2001 to 2010, this was not of statistical significance; they also noted fluctuations in asthma-visit rates among the years studied, with no pattern revealed upon regression analysis. Childhood asthma prevalence has remained relatively stable during this same time frame, with the biggest determinants of ED visits being access to care, disease severity, and socioeconomic factors. 9, 10 Acute asthma exacerbations require the patient to seek immediate care, and can lead to ED encounters and hospitalizations. Approximately 4 million children experience an asthma exacerbation annually, accounting for an estimated 14 million missed school days 6 and more than 1.8 million ED visits each year. 11 These encounters accrue more than 60% of asthmarelated costs. 12 An evaluation of state Medicaid programs in 2010 estimated a combined $272 million spent on pediatric asthma-related ED visits. 13 
Disease burden
The ED serves as an important access point for patients experiencing asthma exacerbations. The ED visit may be the only source for care for many asthma patients, due to a lack of a medical home or lack of a primary care provider, thus making the interaction during the ED visit even more crucial. ED asthma visits have continued to increase at a rate of approximately 13%, with identification of "potentially preventable" visits. 8 ED revisits after acute asthma ED visits have been studied in the short term and the long term, with revisit rates varying from 4% to 10% within the first 2 weeks following the initial ED visit. 14, 15 In a large multicenter study evaluating high-frequency and recurrent visits to pediatric EDs within a period of 12 months, asthma was the most common diagnosis in the first, second, and third diagnosis groups within all recurrent-visit groups (zero to four visits), as well as the most common diagnosis for high-frequency users (four or more recurrent visits). 16 Those patients with one asthma-related ED visit are more likely to experience a subsequent ED visit within 1 year. 15, 17, 18 Factors associated with an ED revisit within 1 week include age (less than 2 years), race, ethnicity, categorization of persistent asthma, government-assisted insurance, poor quality of life due to asthma symptoms, and increased use of health care resources in the preceding 12 months for asthma. 15 Factors associated with an asthma-related ED visit after a hospitalization for asthma include race, governmentassisted insurance, poverty, and prior asthma-related ED hospitalization. 18 Studies have concluded that increased efforts that should be implemented during the current ED visit to help prevent future ED visits include providing education, determining the level of asthma control and presence of inhaled corticosteroid (ICS) prescriptions, and ensuring scheduled follow-up. 14, [19] [20] [21] 
ED treatment
Urgent asthma care requires early identification and classification of the exacerbation severity and the prompt involvement of a coordinated provider team. Early identification, accurate assessment of the severity of airway obstruction, and response to therapy are fundamental to the ED treatment of patients experiencing acute asthma symptoms. Patients are given an initial asthma-severity rating using an asthma-scoring metric, 22 peak-flow measurements, or oxygen-saturation reading with frequent reevaluation. After each assessment, care decisions should be adjusted to the new severity level, leading to a disposition decision.
Standardized care can be challenging to provide in a busy environment like the ED. Several asthma guidelines exist to help support clinicians in providing appropriate treatment, including the guidelines from the National Heart, Lung, and Blood Institute (NHLBI). 23 The guidelines are general rules concerning medications and treatments clinicians should follow for optimal care. Institutions also frequently adapt and refine recommended national pathways to local care practices. Within the accepted guidelines, there is no precise definition of "acute exacerbation", although there is consensus on relieving and subsequently preventing symptoms (coughing, wheezing, chest tightness, shortness of breath) that may or may not be evidenced by measurements of lung function depending on the patient's age and severity of the exacerbation. [24] [25] [26] Initial treatment for progression of asthma symptoms consists of a single short-acting β-agonist (SABA) inhalation treatment for those patients who are experiencing a mild exacerbation. Additional inhaled SABA, inhaled ipratropium bromide, and systemic corticosteroids are administered for moderate-to-severe exacerbations. 26 Patients who require multiple β-agonist treatments and corticosteroids are then observed for a period of time after initial treatment to determine if further treatment is needed in the ED or as an inpatient, or if the patient can be safely discharged home. 26, 27 Medications that also may be initiated in the ED as second-line therapy include continuous SABA nebulization 28 and a dose of intravenous magnesium sulfate. 29, 30 Additional therapy that is administered for those patients refractory to first-and second-line therapies or 
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Asthma ED use who present with a life-threatening exacerbation includes intravenous terbutaline, intravenous ketamine, intramuscular epinephrine, Heliox, and noninvasive positive pressure ventilation. 27, [31] [32] [33] [34] [35] [36] [37] 
ED guidelines
Asthma-guideline utilization and adherence improves patients' clinical care. 38, 39 Despite the wide dissemination of guidelines and scoring systems, practice variation continues to affect treatment decisions for asthma patients. 40, 41 The NHLBI emergency-exacerbation management guidelines direct treatment through peak-flow readings, lung-function testing, and oxygen saturation. 26 They include an asthma flow diagram that provides general principles and requires local customization to account for individual ED variations, including medications and scoring. The NHLBI guidelines emphasize early recognition of asthma symptoms and treatment stratified by acute severity. 23 The temporal nature of asthma guidelines makes the more challenge to follow. A computerized system approach could help alleviate some of these challenges. These guidelines also recommend the provision of an asthma action plan (AAP) and consideration of the addition of an ICS prescription for those asthmatics discharged home after acute treatment in the ED.
26

ED discharge
Patients who are discharged home from the ED require asthma-specific discharge instructions that specify which medications to continue, which new medications to begin, and when to follow-up with the primary care provider. A conundrum for many ED physicians is the question of whether to start ICS in discharged patients, as the guidelines recommend consideration of the addition of an ICS for those treated for an acute exacerbation. 26 National guidelines recommend stepwise treatment based on categorization of asthma-control level, with careful consideration of patient age, impairment, and risk. 26 The guidelines also advocate for provision of a written AAP (WAAP), including a strong recommendation for the addition of an ICS prescription for children discharged home after acute treatment in the ED. 26 As many as 67% of pediatric ED asthma patients treated for an exacerbation were classified with persistent asthma, and less than 10% were prescribed an ICS after the ED visit. 15, 17, 42, 43 The benefits of ICS treatment of asthma include decreasing the risk of death from asthma, 6, 44 as well as 45% decreased ED relapse visits for asthma when compared to nonusers of ICS. 45 Provider adherence to the NHLBI guidelines in an urban pediatric clinic setting of more than 3,500 patients demonstrated decreased hospitalization rates and ED visits for asthma. 46 Although the majority of ED physicians agreed that patients with the categorization of persistent asthma should be treated with controller medications, 47 ED visits do not normally result in alteration of prescriptions for subacute or chronic asthma management. Instead, ED providers typically rely on the patient to followup with their primary care physician or subspecialist 42, 43, 48, 49 for such management. The majority of pediatricians (80%) support the initiation of controller medications during the ED visit, with advantages of providing controller treatment for those who are "lost to follow-up" and enforcing the importance of adherence to controller medications; concerns cited included lack of time for education in the ED setting, difficulty selecting the appropriate controller therapy based on asthma-control level, the possibility of reinforcement of ED utilization in lieu of the primary care office, inadequate communication with the primary care physician regarding the medication, and discharge plan. 50 Another issue that limits the provision of ICS is the impact of managed care plans requiring prior authorization for ICS agents. This is a significant factor in patients not receiving appropriate management, because the ED physician does not have the time or the necessary continuity-care documentation necessary to obtain prior authorization for the patient to receive appropriate management.
Providing evidence-based asthma-discharge care in the ED involves categorizing the patient's current asthmacontrol level and prescribing appropriate treatment based on the specific control-level categorization determined at that visit. This is a complex, dynamic, and multistep task to perform in a busy ED setting, as it must be based on recent symptoms, past exacerbations, including emergency visits and hospitalizations, and concomitant medications. A systematic review of randomized controlled trials evaluating the efficacy of a WAAP versus none found the use of a symptom-based plan significantly reduced pediatric asthma acute care visits. 45 The provision of a WAAP after ED visits for asthma was found to significantly increase patient adherence to prescribed acute and controller medications, as well as asthma control. 51 However, a retrospective review of children presenting to an urban pediatric ED found that a WAAP was not prepared in 80% of visits. 49 The provision of an electronically generated, personalized WAAP provides the patient and family with knowledge about their current asthma care, and allows ED physicians to provide primary care physicians and subspecialists with reliable, prompt communication of discharge recommendations from the visit for those patients who follow-up. The need for an ED-generated WAAP is evidenced in the variable rates of 7%-44% [52] [53] [54] [55] [56] for pediatric asthma follow-up after ED visits.
Follow-up and medical home
Frequently, asthmatic children may also have inadequate access to both controller and rescue medications, due to expired prescriptions, missing or broken equipment, and lack of medications in the multiple environments in which they spend time, including alternate caregivers, school, and after-school programs. Patients with asthma may see multiple health care providers, and as a result they may be unsure of their treatment regimen and AAP. Patients may also continue to seek asthma care in an ED or urgent care setting, where there is a lack of continuity with only episodic care available, resulting in conflicting care plans depending on the provider's knowledge of pediatric asthma care. More importantly, they are left with little to no longitudinal care plan, fragmented care, and a fragmented record of care. Access to a consistent primary care provider for asthma care has been associated with increased controller-prescription fill rates, as well as reduced ED visits for asthma. 57 Readmission risk for asthma was increased in those within a cohort of asthmatics with poor access to a medical home compared to those with ideal medical home access. 58 However, in contrast to these findings, a recent study found that despite having access to follow-up in a "universal healthcare setting", only a third of patients completed a post-ED follow-up visit with no subsequent reduction in ED revisits or hospitalizations for asthma. 59 Patients and families are frequently unaware of asthma triggers, the need for early intervention for respiratory symptoms, and the appropriate escalation plan for home care of asthma. As a result, children may present with more severe exacerbations, which require prolonged treatment and may result in hospitalization. Children with severe or "difficultto-treat exacerbation" requiring multiple courses of systemic corticosteroids are at risk for future severe exacerbations within 6 months. 60 Variability of treatment of acute asthma often exists in the acute care setting when guidelines are not actively incorporated into the care plan. Adherence to most recent evidence-based medicine guidelines via clinical pathways results in more consistent respiratory scoring, as well as improved medication-ordering and -delivery times, with improved patient outcomes of reduced duration of symptoms, decreased hospital admissions, and no increase in return-visit rates.
61-63
Environmental factors
Many children with asthma are repeatedly exposed to asthma and allergy triggers in their environments that exacerbate their asthma symptoms. This includes exposure to poor air quality (tobacco-smoke exposure), 64 traffic-related air pollution, 65 animal dander, dust mites, mold, and a lack of airconditioning. Many of these environmental factors, as well as the weather fluctuations of temperature and humidity, 66 influence the severity and frequency of exacerbations. Indoor air quality has a significant impact on asthma symptoms. Airborne particles, mold, dust, and dander circulating in the air are common triggers for asthma patients. Some sources of indoor heat produce gases and particulate matter, which are airway irritants. Using a central air conditioner that includes a high-efficiency particulate-arresting filter attachment will help to reduce air pollutants. Preserving indoor humidity at low levels (<50%) helps to control mold growth. Keeping the fluid reservoirs clean in any air-circulation device is essential in preventing the growth of organisms. 67 The initiation and continued utilization of home-based health initiatives can help identify exposure issues and work toward improving patients' home environments.
68,69
Patient-and family-centered care
Every child is different, as is each child's family constellation and home environment. These factors impact asthma disease course significantly. It is well known that such factors as exposure to allergens in the home (dust mites, pet dander, mold, and mildew) will exacerbate asthma symptoms. 58, 70 Exposure to other pollutants, such as environmental pollution (eg, exhaust, industrial fumes) and smoke from cigarettes or marijuana also aggravates the airways. 71, 72 In addition to exposure to allergens and irritants in the home, adherence to an asthma-treatment plan and follow-up recommendations will vary significantly depending on the child's caregivers and their attitudes and abilities to adhere to the recommended care plan. 18 In this vein, it is vital that the home environment, family perspectives, and potential barriers to adherence are identified and addressed. 73 Some parents do not perceive asthma as a chronic disease, but rather an episodic disease. The value of daily maintenance medications and vigilant attention to the home environment is diluted if a family does not have a clear vision for how this care affects the course of their child's asthma. Many children with asthma live in poverty, and thus live in conditions where mold, mildew, animal dander, and other irritants are hard to control. Partnering with families through education is essential to ensure that children with asthma 
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Asthma ED use continue their controller medications and use the AAP as intended. Simple, cost-conscious methods to control allergens in the home should be recommended over costly options. As stated before, connection with a medical home and access to medical attention for refills and sick visits are all part of a comprehensive plan to keep asthmatic children well. 58, 70, 73 When a child with asthma presents to the ED with an exacerbation, it is important that this be recognized as an opportunity to review asthma care and treatment. In this teachable moment, a review of precursors to a severe asthma exacerbation, the triggers of a child's asthma, and home resources to try before an ED visit are essential. Providers need to ask about barriers to adherence in a nonjudgmental manner and help guardians and the patient to start thinking about better ways to manage symptoms, as part of the ED treatment. 59 Finally, when a child is noted to have persistent asthma symptoms and repeated ED visits for breathing issues, referral to an asthma/allergy specialist, such as a pulmonologist or allergy immunologist, should be arranged. Every child presenting to the ED for asthma-related issues needs a firm safety plan and follow-up to combat preventable complications.
51,74
Electronic health records
The rate of adoption of electronic health records (EHRs) has increased from approximately 21% to 59% in pediatric institutions. 75 Of these, 29% fulfill meaningful-use criteria, 71% use computerized provider order entry, and 56% have clinical guideline support. 75 Approximately 46% of EDs have EHRs. 76 Based on EHR data, computer-based decision support can be provided to caregivers to support clinical decision making and standardize patient care. Computerized decision-support systems are integrated with the EHR to guide treatment decisions and to aid the decision-making process at the point of care. Decision support can be delivered in various ways, such as suggesting medications, warning about adverse drug events, providing computerized guideline recommendations, or recommending a preventive care measure. Various techniques have been used to identify patients eligible for clinical decision-support systems. They are frequently developed using clinical data [77] [78] [79] and then applied to real-time care areas. 80 Identified barriers to lack of adherence to clinical practice guidelines include physician knowledge (eg, familiarity and awareness), physician attitudes (eg, lack of agreement, lack of outcome expectancy), and behaviors (eg, external barriers, such as patient factors or environmental factors). 53 Health-information technology, including the use of decision-support systems, has been shown to have quality and efficiency benefits, especially in increasing adherence to guideline-based care. 81 The goal of clinical decision-support tools is to "ensure optimal, usable, and effective" patientspecific knowledge to providers at the point of care, in order "to improve the quality of health care services". 82 Computerized clinical decision support tools have been found to improve practitioner performance with disease management and drug prescribing, especially when prompts are automatically revealed to users compared to those in which users are required to activate the desired system. 83 To date, the implementation of national asthma-guideline recommendations at ED discharge has not become standard practice, despite the proven benefits of decreased ED relapse rates, decreased ED visits, and increased adherence to asthma medications. 26, 42, 43, 45, 48, 49, 51, 84 
EHR-based asthma protocols
The advent and spread of EHRs has allowed clinical decision support to help improve practitioner performance in all areas of care. Asthma protocols and guidelines are frequently implemented in either electronic or combined electronic and paper-based formats. 85 These protocols seek to improve patient outcomes, require care to be more compliant with national or international guidelines, decrease length of stay, and reduce ED revisits. Compliance with protocols improves patient care. 39, 86 In the ED, interventions improved revisits by as much as 46%. 87 Fully computerized management systems exist, but have not shown changes in asthma care in length of stay, time to disposition decision, or admission rates. 74 Despite being designed to fit the workflow of the pediatric ED, no statistically significant changes were found. These computerized systems are well studied and perform well, [88] [89] [90] but guideline adherence remains an issue.
Asthma TreatSmart
The evidence-based treatment of asthma relies on the selection of rescue (SABA) and controller medications (ICS, intranasal steroids, daily allergy medications) based on each child's specific triggers and pattern of disease exacerbation. Navigating the complex choices of medications, dosages, and routes of administration that adhere to NHLBI guidelines is daunting in the ED setting. As a result, it is quite common that ED physicians avoid prescribing controller medication and defer this to the primary care physician. 74 As stated previously, many children with uncontrolled asthma have limited access to primary care or use the ED for episodic care without adequate follow-up. Many primary care physicians see children only rarely after infancy. Some primary care physicians 
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Johnson et al may not be familiar or comfortable with the most up-to-date recommendations for treatment of persistent asthma symptoms. For these reasons, symptom capture and initiation of evidence-based treatment of chronic asthma symptoms is important during ED visits for asthma symptoms. 51, 58, 59, [70] [71] [72] Asthma TreatSmart is a stand-alone web-based system developed at Cincinnati Children's Hospital Medical Center by the Division of Pulmonary Medicine. It is based on national asthma guidelines. The application uses historic information from the EHR and parent/patient-reported symptom inventories to assign an asthma-severity classification. Patient-and parent-reported medication use is integrated into the program. The information can be collected and entered by ancillary staff (ie, respiratory therapist, nurse, medical assistant) and verified by the treating physician. The program then generates treatment recommendations, including a personalized AAP and controller-medication recommendations, that are evidence-based and easy to print and implement. It also generates recommendations for follow-up plans. In addition, the information summary and treatment recommendations can be copied and pasted back to the EHR.
Utilization of this web-based system allows the busy ED clinician to provide a comprehensive review of asthma symptoms and medication use. The program generates userfriendly, evidence-based guidelines, and is a very effective tool for ensuring children with asthma receive preventive measures for controlling asthma symptoms.
Asthma Home Health Program
As previously stated, assessment of the home milieu and patient/parent activation are vital components of the aftercare of a child with asthma. 58, 70 The development of an Asthma Home Health Program is aimed at taking the education, assessment of the home environment, the procurement of needed equipment and medication, and the implementation of the follow-up plan to the patient's home. 80, 91 All children presenting with asthma symptoms to the ED are recommended for screening. Screening questions assess asthma severity (admission and ED-encounter data), patient-reported medication-adherence information, and provider-reported concerns about education and the home environment.
If a child screens as eligible, parents are then introduced to the program and encouraged to fill out intake forms. From there, a centralized process is in place for more in-depth screening and completion of enrollment in eligible and willing families. Enrolled families experience 3-5 in-home visits performed by a trained asthma home health nurse, with the goal of improved self-management of asthma and reduced symptom severity. Components of the program are described in Table 1 .
Additionally, the coordination of care between the homecare authorization team, home-care asthma nurse, and primary care physician, as well as secondary physicians when requested (allergy/immunology, pulmonology), is important to maintain, to help coordinate and improve patient care. Included in this is equipment and medication management. This requires that all asthma medications and equipment are present and function for home use, including:
• assistance with establishing a medical home (primary care physician) • referral to allergy/immunology or pulmonology as indicated • assistance in signing up for Medicaid or insurance.
Finally, patients not at their goal may continue in the program or be re-referred at a future time.
Calls to action: how can we improve?
Asthma morbidity continues to increase in the US. Guideline and protocol implementations in the ED are improving patient care and outcomes, but a coordinated effort is needed to continue to improve patient care. There are several key things that can be done to help improve care in the ED, and one of these is the consistent use of a standardized, evidence-based classification system for asthma severity. Severity classification is key to following guideline recommendations. Coupled with this is the need for the dissemination of evidence-based guidelines for asthma care in the ED. These guidelines and protocols should address stepwise, hour-by-hour treatment algorithms, as well as contain a standardized objective respiratory scoring system and protocol for when to score and how to use the score. All of these will help to standardize asthma 
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Asthma ED use care and lead to better patient outcomes. Leveraging the EHR and associated electronic systems can help these issues. A standard approach to asthma discharge can help improve patient-provider and provider-provider communication. Continued improvement of communication between primary care providers and ED physicians is important to help providers know which questions to ask, how to ask them, and how to interpret answers, making sure that when discharged, the patient has a WAAP in hand, educational goals set during the ED visit are met, such as how to use albuterol at home, if the patient has a clear plan for obtaining steroids, and planned and set follow-up with the patient's medical home.
Asthma continues to be an enormous medical and public health concern within the pediatric population. The majority of pediatric asthmatics are treated not in pediatric EDs but in community ED, urgent care, and primary care settings; therefore, dissemination of evidence-based guidelines for acute asthma care with standardized treatment plans is essential to providing optimal care. Consistent utilization of a standardized, evidenced-based classification system within the ED workflow, to not only establish level of asthma control at each visit, but also to identify acute severity at each visit, would enhance treatment and discharge plans with the ultimate goal of improving patient outcomes. Finally, assurance of continuing patient and family education with compliance of controller and rescue medications, coupled with a reliable medical home for follow-up and continuity of care, are key elements in the struggle to manage this chronic disease.
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